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What is It?  
Tumor, Cancer, and Metastasis 

“…>90% of deaths is caused by 
disseminated disease or metastasis…” 

Gupta et. al., Cell, 2006 and Siegel et. al. CA Cancer J Clin, Feb 2014 



In the U.S., Cancer Continues to 
Represent an Enormous Burden  
 574,743 Americans died of cancer in 2010 (585,720 projected for 2013) 

 1,665,540 Americans will be newly diagnosed with cancer in 2014 (projected) 

 $216.6 billion in 2009 for cancer healthcare costs ($86.6 billion for direct medical) 
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Unlike Other Major Disease Killers, Cancer Continues to  
Take Nearly the Same Toll as it did in 1950 

Source for 2014 projected deaths and diagnoses: Siegel et. al, Cancer Statistics, 2014 
Source for 2010 age-adjusted death rate: National Center for Health Statistics, National Vital Statistics Report, Dec 2013 



Global Burden: By 2020, Cancer  
Incidence 16 M/yr (Mortality 10 M/yr) 

Source: IACR, WHO 



GLOBOCAN 2012: In 2012, Cancer 
Incidence 14.1 M (Mortality 8.2 M) 

(age-standardized rate) 



Unprecedented Amount of 
Scientific Knowledge: Omics(ssss) 

2010 2001 

2005 1923 

49,024 pubs 54,587 pubs 87,793 pubs 

2012 

38,506 pubs 

ISI search for genomics, proteomics, transcriptomics, metabolomics, phenomics, interactomics, glycomics 



Is More Knowledge Yielding More  
Solutions for Patients? 

Drug Discovery and Development 

 10 – 15 years at ~ $1.8 billion* 
 2007: 19 NMEs [lowest since 1983] 
 2008: 21 NMEs [29% new-in-class] 
 2009: 24 NMEs [17% new-in-class] 
 

Diagnostic Biomarkers 

Year of FDA Approval 
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 Averaging 1.5 FDA approvals per year† 

 1000’s of samples 
 Balancing complexity of biology against 

heterogeneity of patients 
 

Maybe…but can it be more efficient? 
*Paul et. al, Nature Rev. Drug Discovery, March 2010; † Leigh Anderson, Clin Chem, 2010 



NCI Center for Strategic Scientific 
Initiatives (FY99 – FY13) 

Center for 
Strategic Scientific 

Initiatives 
Established 

FY99 FY00 FY01 FY02 FY03 FY04 FY05 FY07 FY08 FY09 

Office of 
Tech & 

Industrial 
Relations 

$7.4M 

$3.9M 

Office of 
Cancer 

Genomics 

Center for 
Bioinformatics 

formed 

FY13 

$30.8M 

Office of 
Biorepositories 
& Biospecimen 
Research 

Office of Cancer 
Nanotechnology 

Pilot Launch 

$20M 

Center for Biomedical 
Informatics and Information 

Technology  
 

Spun Off to Coordinate 
Enterprise Phase of 

FY06 

Pilot Launch 

$11.7M 
Pilot Launch 

$8.7M 
Pilot Launch 

Restructure of NCI-wide 
SBIR/STTR mechanisms 

$10.5M 
Pilot Launch 

SBIR Development 
Center 

 
Spun Off to Coordinate 
NCI-wide SBIR/STTR 

awards 

The Cancer Genome 
Atlas Program Office 

Office of Cancer Clinical 
Proteomics Research 

Office of Physical 
Sciences Oncology 

Office of Latin 
American Cancer 
Program  Development 

Center for Global 
Health 

 
Spun Off to Coordinate 
NCI-wide international 

activities 

FY10 

Pilot Launch 

$60M 

Pilot Launch 

$15M 

Biorepositories & 
Biospecimen Research 

Branch 
 

Spun Off to Coordinate 
NCI-wide biospecimen 

efforts 

FY11 

Center for Cancer 
Genomics 

 
Spun Off to Coordinate 

NCI-wide genomics 
efforts 

FY12 

$10.5M 
Pilot Launch 

$30M 
Pilot Launch 

$10.5M 
Pilot Launch 

$13.1M 
Pilot Launch 

$25M 
Expansion Launch 

Pilot Launch 

$30M 

Pilot Launch Pilot Launch 

$10M $3M 

$31.6M 
Pilot Launch 

Data from NCI Factbooks (http://obf.cancer.gov/financial/factbook.htm)  

http://obf.cancer.gov/financial/factbook.htm
http://cabig.cancer.gov/
http://nano.cancer.gov/
http://nano.cancer.gov/
http://physics.cancer.gov/default.asp
http://innovation.cancer.gov/


National Institutes of Health (NIH): 
27 Institutes and Centers 

NIH Campus – Bethesda, Maryland 

NCI 

NEI 

NHGRI NIA 

NIAAA 

NHLBI NIAID 
NIAMS 

NIBIB 
NICHD 

NIDCD 

NIDCR 

NIDDK 

NIDA 

NIEHS 
NIGMS 

NIMH 

NIMHD 

NINDS 

NINR NLM CIT 

FIC 
CC 

NCATS 
NCCAM 

CSR 

NIH Budget ~ $30.8 Billion (FY12) 
• ~82% for extramural support 
• ~63,000 grants and contracts 

NCI Budget ~  $ 5.07 Billion (FY12) 
• ~ 76% for extramural support 
• ~7,800 grants and contracts 

http://www.cancer.gov/
http://www.nei.nih.gov/
http://www.genome.gov/
http://www.nia.nih.gov/
http://www.niaaa.nih.gov/
http://www.nhlbi.nih.gov/
http://www.niaid.nih.gov/
http://www.niams.nih.gov/
http://www.nibib.nih.gov/
http://www.nichd.nih.gov/
http://www.nidcd.nih.gov/
http://www.nidcr.nih.gov/
http://www.niddk.nih.gov/
http://www.niddk.nih.gov/
http://www.nida.nih.gov/
http://www.niehs.nih.gov/
http://www.nigms.nih.gov/
http://www.nimh.nih.gov/
http://www.nimhd.nih.gov/
http://www.ninds.nih.gov/
http://www.ninr.nih.gov/
http://www.nlm.nih.gov/
http://www.cit.nih.gov/
http://www.fic.nih.gov/
http://clinicalcenter.nih.gov/
http://ncats.nih.gov/
http://www.nccam.nih.gov/
http://www.csr.nih.gov/


National Institutes of Health (NIH): 
27 Institutes and Centers 

NIH FY12 Appropriations Data Taken from http://www.nih.gov/about/almanac/appropriations/index.htm and http://report.nih.gov/nihdatabook/    

http://www.nih.gov/about/almanac/appropriations/index.htm
http://report.nih.gov/nihdatabook/


NIH: Types of Funding 
Announcements (FOAs) 

http://grants.nih.gov/grants/planning_application.htm  

~575 in FY12 

• Non-specific, investigator-
initiated “unsolicited” research  

• May submit any topic within the 
breadth of the NIH mission.   

•  No money set-aside 
• Competition tied mainly to an 

IC's overall payline 

• Often broadly defined or a reminder of a 
scientific need 

• Investigator-initiated “unsolicited” research 
•  No money set asides (unless PAS) 
• Competition tied mainly to the IC's overall 

payline 
•  High-priority applications may be funded 

beyond the payline 

•  NIH-Requested Research; Well-
defined scientific area 

•  Specifies funds and targets 
number of awards 

• Competition depends on number 
of applicants and dollars set 
aside 

~53% NIH-wide  
~47% NCI-only  

~21% NIH-wide  
~34% NCI-only   

~26% NIH-wide  
~19% NCI-only  

http://grants.nih.gov/grants/planning_application.htm


NIH Research Portfolio Online 
Reporting Tools (RePORT) 

~$5.7B 

~$11.8B 

~$4.7B 

~$22.2B 

NIH NCI 

~$3.2B 

~$1.5B 

~$1.1B 

~$0.6B 

~$2.7B 

NIAID 

~$1B ~$1.3B 

~$0.4B 

NIGMS 

~$2.3B 

~$1.4B 
~$0.6B 

~$0.3B 

NIBIB NHGRI 

~$364M ~$288M 

~$213M ~$77M 

~$73M 

~$94M ~$163M 

~$31M 

FY12 grants data from http://projectreporter.nih.gov  

http://projectreporter.nih.gov/


The NIH Extramural Team: 
Checks & Balances 

Ensure fair and unbiased evaluation of the 
scientific and technical merit of proposed research 

• Manages study sections 
• Prepares/issues summary statements 

Ensure all required business management actions are 
performed by the grantee and  federal government 

• Participates in budget negotiations 
• Prepares/issues Notice of Awards (NoA) 

Does not  
• Assemble review 

committee  
• Make awards 

http://grants.nih.gov 



National Cancer Program: 
Stakeholders 

NCI 
$5 B 

Private  
Industry 
$9.2 B 

Fed/State 
$3.4 B 

NPO/Foundations, $0.6 B 

~$18 B per year 

NCAB Working Group Report, 2010 



National Cancer Institute 
Organization 

Office of the 
Director 

National Cancer 
Institute 

Funding – Extramural  Conducting – Intramural  

CSSI 
~$132 M (~4%) 

Director 
Harold Varmus, MD 

Deputy Director 
Douglas Lowy, MD 

$5.07B 
     (FY12) 

~$779M (~25%) ~$919M (~29%) ~$264M (~8%) ~$441M (~14%) ~$858M (~17%) 

Division of 
Cancer 
Biology 

Division of 
Cancer 

Prevention 

Division of 
Cancer 

Treatment 
and 

Diagnosis 

Division of 
Extramural 
Activities 

Division of 
Cancer 

Epidemiology 
and Genetics 

Center for 
Cancer 

Research 

Division of 
Cancer 

Control and 
Population 
Sciences 

~$21M (~0.4%) 

Red numbers: FY12 grants data only from http://fundedresearch.cancer.gov/nciportfolio; Black numbers: from FY12 http://obf.cancer.gov/financial/factbook.htm   

http://fundedresearch.cancer.gov/nciportfolio
http://obf.cancer.gov/financial/factbook.htm


NCI’s Federally Funded Research 
and Development Center (FFRDC) 

Established in 1972 as one of the nation's 39 FFRDC's and the  
only one devoted exclusively to biomedical research and 
development 

NCI Funding in FY12 $238,204 

http://frederick.cancer.gov/About/Facts.aspx 



Translation Pace: How To Break 
Out of Current Paradigm? 

$150M 

Phase I: $273M 
Phase II: $319M 

Phase III: $314M 

$48M 

$414M $166M 

$94M 

~$1.8B/turn 

 

Turning the Crank… 

Key Needs (from community ‘02) 

 Standards and protocols 

 Real-time, public release of data 

 Large, multi-disciplinary teams  
 Pilot-friendly team environment 

to share failures and successes 
 

 Team members with  
      trans-disciplinary training 

The potential to transform cancer 
drug discovery and diagnostics 

Paul et. al, Nature Rev. Drug Discovery, March 2010 



NCI Center for Strategic Scientific 
Initiatives (CSSI): Concept Shop 

~$190M (FY12) Deputy Director 
Jerry S.H. Lee, PhD 

Director 
Douglas Lowy, MD 

“…to create and uniquely implement exploratory programs focused on the development and integration of 
advanced technologies, trans-disciplinary approaches, infrastructures, and standards, to 
accelerate the creation and broad deployment of data, knowledge, and tools to empower the 
entire cancer research continuum in better understanding and leveraging knowledge of the cancer 
biology space for patient benefit…” 

Mission 

2003, 2007, 2011, 2013 

2004, 2008, 2014 

2005, 2010 

2005, 2008 2010 

2008, 2013* 2011 

http://physics.cancer.gov/default.asp


Support Convergence and 
Innovation At Many Scales  

Industry Clinical Applied Basic Translational 

Phase II 

Phase II 

Phase II 

Discoverers/ 
Pioneers 

Team 
Explorers 

Early 
settlers 

http://physics.cancer.gov/default.asp


CSSI Programs (FY99-FY14): 
Diverse Mechanisms  

Program 
Grants 

Cooperative 
Agreements Contracts 

FFRDC Interagency 
Collaborations 
(Co-funds/joint 

programs) 
Research Training Resource R&D Subs 

 

  

      

    

       

 

   

      

  

 

http://imat.cancer.gov/
http://nano.cancer.gov/
http://cahub.cancer.gov/
http://www.nsf.gov/index.jsp
http://www.nsf.gov/index.jsp
http://physics.cancer.gov/default.asp


Center Framework: “What is 
Water?”- Measurements  Insights 

Color (clear, yellow, brown) 
Taste (none, metallic, awful) 

LOTS of 
Quantitative 

“Data” 

Qualitative Descriptions 

Phase (liquid, gas, solid) 
Phase change (boil, melt, freeze) 

Measurements 
Taken 

But also LOTS of 
disagreements… 



Standards and Sharing of Data  
New Insights and Understanding 

2400m 

0m 

New Parameter 
 

“Pressure” 

• Define samples & protocols 
• Share collected data 

LOTS of 
Quantitative 

and 
Reproducible 

Data 
 

(Steam Table) 

New Understanding 
 
• Phase boundaries 

• V/L equilibrium 
• Triple Point 

 
 
(Phase Diagram) 
 



2003 Launch of the Technology 
Dashboard of CSSI: IMAT 

To support the development, maturation, and dissemination  

of innovative and/or potentially transformative next-generation technologies  

Innovative Technologies for Molecular Analysis  
of Cancer 

 

Proof-of-concept technologies/projects encouraged 
Milestone and technology development driven (no biology) 

Application of Emerging Technologies  
for Cancer Research 

 

Validation and dissemination of platforms 
Demonstration of impact on basic and clinical  
research 

1 
Snapshot of Initial Applications  

(2003-2004) 

2 3 
4 

o

o
o

o



First Step(back)- Cancer Genomics: 
Taking a Page from Engineers 

Disease of Genomic Alterations 

 Copy number 
 Expression (regulation of) 
 Regulation of translation 
 Mutations 
 Epigenome 

 
 
 

 

 
 
   

• Systematic identification of all genomic changes 
• Repeat (a lot) for individual cancer  
• Repeat for many cancers 
• Make it publically available 

Steam table (Reference) 



Many “Thermometers”: 
Heterogeneity of Platforms 

454 Illumina SOLiD  

Helicos 

Complete Genomics 

Ion-Torrent 

Oxford Molecular 

PacBio Visigen 

LaserGen  

IBM 

Intelligent Biosystems 

NABsys Nimblegen 

Agilent 

Febit 

Halycon 

ZSGenetics 

Raindance 



Getting “Water” Right:  
Samples AND Handling Matter! 

Nkoy et. al., Arch Pathol Lab Med, April 2010 

“…We found that specimens obtained late in the week 
(prolonged specimen handling) are more likely to be 
ER/PR negative than specimens obtained on other 
weekdays (regular specimen handling)…” 

“Garbage In…Garbage Out” 



Biospecimen Research Database 
(http://brd.nci.nih.gov) 



TCGA: Connecting Multiple Standardized 
Sources, Experiments, and Data Types 

 
 

glioblastoma multiforme 
(brain) 

 

 

squamous carcinoma 
(lung) 

 
 

serous 
cystadenocarcinoma 

(ovarian) 

 

Three Cancers- Pilot 

Biospecimen Core 
Resource with more 

than 13 Tissue 
Source Sites 

7 Cancer Genomic 
Characterization 

Centers 

3 Genome 
Sequencing 

Centers 

Data Coordinating 
Center 

Multiple data types 

 
 

• Clinical diagnosis 
• Treatment history 
• Histologic diagnosis 
• Pathologic status 
• Tissue anatomic site 
• Surgical history 
• Gene expression 
• Chromosomal copy 

number 
• Loss of heterozygosity 
• Methylation patterns 
• miRNA expression 
• DNA sequence 



1st Reference Released in 2008: 
Subsequent Use by Community 

Mid- 2008  
o Reference cancer genome for GBM 
o Single author paper (TCGA Network) 

• 300+ authors 

o Unanticipated Scientific Discoveries 
• Hypothesis on a possible resistance 

mechanism to temozolomide (TMZ) 

2009 
o Gene expression-based classification of GBM 
o Response to aggressive therapy differs by 

subtype-  exclude non-responders 

2010 
o Identification of new subset of GBM 
o Occurs in younger patients 
o Evidence of better prediction of outcomes 



Lung squamous: 
Lung adeno: 

Stomach adeno: 

Breast carcinoma: 

Ovarian serous: 

Kidney clear carc: 

Rectum carcinoma: 

Colon adeno: 

Head & neck: 

Glioblastoma: 

159 

57 

84 

180 

520 

260 

74 

198 

51 

470 

Genomic  
“Steam Table” 
Summer 2011 

Total: 2053 Source: UCSC Cancer Genomic Heatmaps (CopyNumber SNP6)  
[https://genome-cancer.ucsc.edu/]   Compiled by Jerry S.H. Lee, PhD, May 2011 



Genomic  
“Steam Table” 

Lung squamous: 

Lung adeno: 

Stomach adeno: 

Breast carc: 

Ovarian serous: 

Kidney clear cell carc: 

Prostate adeno: 

Colon/rectum adeno: 

Head & neck: 

Glioblastoma: 

343 

356 

237 

866 

559 

493 

171 

575 

306 

563 

Total: 5979 

Spring 2013 

Brain lower grade glioma: 180 

Thyroid carc: 401 

Uterine corpus end. carc: 492 

Liver hep. carc: 97 
Kidney pap. cell carc: 103 

Bladder carc: 135 
Cervical carc: 102 

GBM (http://cancer2.cse.ucsc.edu/proj) 

Source: UCSC Cancer Genomic Heatmaps (CopyNumber GISTIC2) [https://genome-cancer.ucsc.edu/]   Compiled by Jerry S.H. Lee, PhD, March 2013 



Cancer Target Discovery & Dev. 
Network (CTD2) 
 Accelerate the translation of patient 

genomic data into clinical application 
 

o Innovate integration of computational mining of 
large-scale genomic data analysis 
 

o Identify and confirm new therapeutic target 
candidates 

• Existing therapeutics and /or orphan drugs 
 

o Identify and confirm novel modulators 
• Small molecules 
• siRNAs  

 

 Share models, reagents, analysis tools, and 
data with scientific community 

Mining 
of data 

Probe targets using  
known compounds 

Screen targets using  
novel compounds 

Nature Biotechnology, Sept 2010 



What about Biomarkers? 
Step 1.5- Cancer Proteomics  

Technologies for Quantitative Analysis Major Challenges 

• Analytical variability in platforms 

• Lack of standards, protocols, and 
reference data 

• No consensus on data acquisition, 
analysis, and open access reporting 
of raw data 

Unlike genomic technologies, 
proteomic technologies were 
not yet fully mature 

Source: Adopted from “Defining the Mandate of Proteomics in the Post-Genomics Era: Workshop Report.”  National Academy of Sciences. 2002. 



Heterogeneity of Platforms and 
Reproducibility Challenges 



Reproducibility of Clinical 
Proteomics in 2005 
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2005 

Courtesy of Gil Omenn 



Clinical Proteomic Technologies 
for Cancer (CPTAC) Pilot 

Re
 


r
l
 



June 2009 

200 400 600 800 1000 

producibility 
First demonstration that MRM is highly 
eproducible across multiple 
aboratories and technology platforms 

Community Resource: Antibody 
Characterization Laboratory Launched 

Data Sharing (“Amsterdam Principles”)  
 

 Timing 
o Data generated by individual investigators should be released into the 

public domain at the latest upon publication while data generated by 
community resource projects should be released upon generation 
following appropriate QA/QC procedures 

 Comprehensiveness 
o High quality raw data (e.g., mass spectral, protein/affinity array data) be 

released to the public.  They should be well annotated with metadata, 
information on data quality, and identification quality control data 

 Format 
o Open access to proteomic data requires community-supported standardized 

formats, controlled vocabularies, reasonable reporting requirements, and 
publicly available central repositories 

 
 
 

Recommendations from the 2008 International Meeting on Proteomics 
Data Release and Sharing Policy: The Amsterdam Principles 

May 2009 



CPTAC Pilot: Crosstalk with FDA 
and Educating Community 

• Analytical Validation Review Documents 

• CPTAC/FDA Workshop - identify analytical validation
needs for clinical proteomic technologies in the 
context of intended use 

 

• Outputs: 

• Public mock 510(k) pre-applications that serve as 
review documents on: 

• multiplex MRM-MS assay 

• multiplex affinity-based assay 

• Published in special issue of Clinical Chemistry (by 
AACC), that informs research community and FDA 
to technology platforms that will likely be part of 
future 510k submissions 

 



Phase II: Clinical Proteomic Tumor  
Analysis Consortium 
Phase II Launched Sept 2011 

DNA RNA Protein 

 Analyze matched TCGA samples using two approaches 
o Targeting genome to proteome 
o Mapping proteome to genome 

 

 Develop validated and quantitative assays and reagents 
o Lessons from Phase I (mock 510K submission)  
o Antibody Characterization Lab 
 

 Distribute raw and analyzed data via public data portal 

Protein 
Characterization 

Data, Results 
Storage & QC 

Reagents 

Protein 
Verification 

•Analytically validated 
quantitative assays of 
proteins 
 

•Public data sets 

TCGA 
Specimens Assay 

Development 

Analyte 

Prioritization 

TCGA 
Data Data, Results 

Storage & QC 

 



CPTAC Public Resources: 
http://proteomics.cancer.gov 

11,419 files (2.2 TB)  542 assays 280 mAbs (~$35) 

Release Date Disease # of Samples 

9/4/2013 Colorectal 95 

2/20/2014 Breast 105 

4/2014 Ovarian TBD 

~8,000 proteins 
~12,000 phospho-proteins 



Time? (Evolution) 

Public dataset available NOW! 

Where Do We Go From Here? 
Is it JUST More Data?  





Personalized Medicine 
$ 

in
 M

ill
io

ns
 

Compiled from www.gene.com and www.roche.com 



2012: Cancer Treatment  
and Survivorship Statistics 

Modified from Siegel et. al. CA Cancer J Clin, June 2012 



Survival Improvement Gap: 
Improvement in 5-Year Relative 
Survival, Invasive Cancer, 1975 – 1997 

http://seer.cancer.gov/ 



Metastasis: Deleterious but also 
Rare and Random- Why? 

Well-known to 
be an inefficient 
process (0.01%)  



From the Clinician’s Perspective, 
Metastasis is More of a Binary Event … 

M0 M1 M1 

Adapted from and courtesy of Jacob Scott, M.D., Moffitt PS-OC 



Cancer: 
A Disease of…Cell Mechanics? 

Force 

Force 

Force 

Force 

Force 

“…metastatic cells must 
overcome numerous physical 

obstacles barring 
metastasis…in this way, 

cancer may progress as a 
disease of genetically 

heterogeneous cell 
populations driven to evolve 
by sequential environmental 

pressures…”   

“…metastatic cells must 
overcome numerous physical 

obstacles barring 
metastasis…in this way, 

cancer may progress as a 
disease of genetically 

heterogeneous cell 
populations driven to evolve 
by sequential environmental 

pressures…”   

Cancer Metastasis: Building a Framework, Gupta et. al. Cell 2006 
 



Winter 2007: Cell As A Machine, 
ASCB sessions, and IMAT 

Dec 1-5, 2007 

Creating Next Generation Nano Tools for Cell Biology 
 
Jerry S.H. Lee (Chair) 
 
Speakers 

• Milan Mrksich, University of Chicago 
• David Sept, Washington University in St. Louis 
• Zong Ling Wang, Georgia Institute of Technology 
• Muhammad Yousaf, University of North Carolina at Chapel Hill 
• Raoul Kopelman, University of Michigan 
• Leland WK Chung, Emory School of Medicine 
• Douglas Hanahan, University of California, San Francisco 

Announced release 
of RFAs and 
inclusion of cell 
motility and 
mechanics as topics 



2009 Bringing In New Perspectives: 
PS-OC Program 

 To generate new knowledge and catalyze new fields of 
study in cancer research by utilizing physical 
sciences/engineering principles to enable a better 
understanding of cancer and its behavior at all scales.  
 

 Not looking for new tools to do “better” science, but new 
perspectives and approaches to do paradigm-shifting 
science that will lead to exponential progress against 
cancer.  
 

 Build trans-disciplinary teams and infrastructure to better 
understand and control cancer through the convergence of 
physical sciences and cancer biology. 

New – “Schools of Thought” 

http://physics.cancer.gov/default.asp


New Collective Insights of Physical 
Science Parameters: Living Project 

•

•

•

Cells 
http://opso.cancer.gov/data/  

First large-scale, comprehensive, 
biophysical examination of 
identical cells  
 

• 17 institutions 
• 20 labs   
• 24 techniques and approaches 

 
Combined analysis through Data 
Jamboree 
 

 
 

Continued as a “living project”  
through repository and database  
 

• Raw data (published/unpublished) 
for additional analysis 

• Request cells for additional 
characterization (data upload 
required post-publication) 

Scientific Reports, April 2013 

http://opso.cancer.gov/data/


Scripps PSOC Clinical Studies 
BREAST: 
• PSOC0045 (Scripps Clinic: Anderson Outpatient  

Pavillion, Carmel Valley, Rancho Bernardo, Torrey Pines 

LUNG: Science Park) 
• PSOC0053 (Duke University) 

• PSOC0043 (UCSD, Billings) • PSOC0060 (Scripps Health) 
• PSOC0044 (Scripps Clinic, UCSD, Billings) • PSOC0062 (Scripps Clinic: Anderson Outpatient Pavillion, 
• PSOC0046 (UCSD) Carmel Valley, Rancho Bernardo, Torrey Pines Science 
• PSOC0047 (NKI, UCSD, Billings) Park) 
• PSOC0048 (NKI, Amsterdam)  
• PSOC0049 (Stanford, USC)  
• PSOC0064 (UCSD) Lung  
• PSOC0065 (UCSD) 

Breast HEART: 
 • PSOC0057 
 LIVER: (Scripps Health)  

• PSOC0050 (Scripps Green  
Hospital, Scripps Clinic) Scripps PSOC  

• PSOC0055 (UCSF, 
Northwestern University) Heart 

Liver PANCREAS: 
 • PSOC0045 (Scripps Clinic: Anderson Outpatient 

 SKIN: Pavillion, Carmel Valley, Rancho Bernardo, Torrey 
 Pines Science Park) • PSOC0056 (Pacific Oncology 

and Hematology) Skin Pancreas • PSOC0054 (UCSF) 
• PSOC0059 (Scripps Green Hospital) • PSOC0061  • PSOC0060 (Scripps Health) (Nevada Cancer Center) Colon   
 PR COLON: OSTATE: •  PSOC0066 (Scripps Clinic) • PSOC0045 (Scripps Clinic: Reproductive   Anderson Outpatient Pavillion, 

Carmel Valley, Rancho Bernardo, Organs  OVARIAN: 
Torrey Pines Science Park) • PSOC0052 (Scripps Memorial 

• PSOC0051 (USC) Hospital, South Coast Gynecologic 
• PSOC0058 (USC) Oncology) 
• PSOC0060 (Scripps Health)  
• PSOC0063 (NorthShore) 
 

 Courtesy of Peter Kuhn (TSRI) 



Cell Mechanics: A Continuing 
Growing Community 

Papers 

Citations 

Statistics generated using Web of Science with keywords “cell mechanics” and “cancer” 



Clinical 
Indication 

Physical 
Property 

Mechanism of 
Action 

Development Status 
(Agent Example) 

Anesthesiology Shape 
Motility 

Membrane Fluidity 
Intracellular Calcium FDA Approved (Tetracaine) 

Cardiovascular 
Shape 
Motility 

Contraction 

ERK Kinase 
Rho-Rho-kinase 

Intracellular Calcium 

Preclinical (Thyroid hormone) 
Clinical Phase II (Resveratrol) 
FDA Approved (Atorvastatin) 

Diabetes Contraction Rho-Rho-kinase 
PI3 Kinase FDA Approved (Insulin) 

Endocrinology Contraction Rho-Rho-kinase Preclinical (Somatostatin)) 

Glaucoma  Shape Ion Co-transport 
Inhibition Preclinical (Ethacrynic acid) 

Immunology  Shape S1P Receptor Inhibition 
DP2 Receptor Inhibition Preclinical (AM156) 

Nephrology Elasticity ERK1/2 Kinase Preclinical (Aldosterone) 

Neurology 
Shape 
Size 

Elasticity 

Dopamine Receptor 
Serotonin Receptor 

Preclinical (TIMP-1) 
Clinical Phase I (Epothilone D) 

FDA Approved (Imipramine) 

Oncology 

Shape 
Size 

Motility 
Elasticity 

Microtubule 
Microfilament 
Anti-mitotic 

Tyrosine Kinase 

Preclinical (Vinflunine) 
Clinical Phase I (AEE788) 
Clinical Phase II (Zyotax) 

FDA Approved (Abraxane) 

Orthopedic Shape 
Elasticity Metalloproteinase FDA Approved (IL-1β) 

Pulmonary 
Disease Contraction E-cadherin 

Vimentin Preclinical (TGF-β1) 

Regenerative 
Medicine 

Shape 
Size Rho-Rho-kinase Marketed (Vitamin D3) 

Independent analysis conducted by CCS Associates 

2010 2012 2014 Industry Dev. 

Preclinical 12 16 14 

Phase I/II 7 10 9 Novartis, Roche, Bayer, 
Kosan Pharma, etc. 

Phase III 0 0 1 Cell Therapeutics 

FDA 
Approved 15 15 17 

Abraxis, GSK, Janssen, 
Merck, Pfizer, Amgen, 
etc. 

Clinical 
Indication 

Physical 
Property 

Mechanism of 
Action 

Development Status 
(Agent Example) 

Anesthesiology Shape 
Motility 

Membrane Fluidity 
Intracellular Calcium FDA Approved (Tetracaine) 

Cardiovascular 
Shape 
Motility 

Contraction 

ERK Kinase 
Rho-Rho-Kinase 

Intracellular Calcium 

Preclinical (Thyroid hormone) 
Clinical Phase II (Resveratrol) 
FDA Approved (Atorvastatin) 

Diabetes Contraction Rho-Rho-Kinase 
PI3 Kinase FDA Approved (Insulin) 

Endocrinology Contraction Rho-Rho-Kinase Preclinical (Somatostatin) 

Glaucoma  Shape Ion Co-transport 
Inhibition FDA-Approved (Edecrin) 

Immunology  Shape DP2 Receptor  Clinical Phase II (AM211) 

Nephrology Elasticity ERK1/2 Kinase  Preclinical (Aldosterone) 

Neurology 
Shape 
Size 

Elasticity 

Dopamine Receptor 
Serotonin Receptor 

Preclinical (TIMP-1) 
Clinical Phase II (Epothilone D) 

FDA Approved (Imipramine) 

Oncology 

Shape 
Size 

Motility 
Elasticity 

Somatostatin agonist 
Microtubule 

Microfilament 
Anti-mitotic 

Tyrosine Kinase 

Preclinical (Octreotide) 
Clinical Phase II (Vinflunine) 
Clinical Phase II (AEE788) 
Clinical Phase III (Xyotax) 
FDA Approved (Abraxane) 
FDA Approved (Nexavar) 

Orthopedic Shape 
Elasticity Metalloproteinase FDA Approved (IL-1β) 

Pulmonary 
Disease Contraction E-Cadherin 

Vimentin Preclinical (TGF-β1) 

Regenerative 
Medicine 

Shape 
Size Rho-Rho-Kinase Marketed (Vitamin D3) 

2010 2012 2014 Industry Dev. 

Preclinical 12 16 

Phase I/II 7 10 Novartis, Roche, Bayer, 
Kosan Pharma, etc. 

Phase III 0 0 

FDA 
Approved 15 15 Abraxis, GSK, Janssen, 

Merck, Pfizer,etc. 

2010 2014 

But is it clinically relevant? 
Perhaps… 

http://images.google.com/imgres?imgurl=http://indolinkenglish.files.wordpress.com/2009/03/pharma_300dpi.jpg&imgrefurl=http://www.wumss.org.au/index.php?option=com_content&view=article&id=146:pharma-phacts-survey-a-group&catid=48:academic&Itemid=53&usg=__yVp-wkRIvmBKHNyHM1mFpsEGQts=&h=1860&w=1961&sz=1995&hl=en&start=2&um=1&itbs=1&tbnid=ZIsxD7qQip9kiM:&tbnh=142&tbnw=150&prev=/images?q=pharma&um=1&hl=en&sa=N&rls=com.microsoft:en-us&tbs=isch:1


Exceptions…The Only Sure Thing 
in Cancer… 

Mechanisms of Metastasis in Patients with Peritoneovenous Shunts (PVS) 

 Performed peritoneovenous 
shunting on 29 patients to 
alleviate abdominal pain and 
distension in malignant ascites 
due to inoperable cancer. 
 

 15 that were autopsied did not 
develop metastases even after 
27 months of survival. 

“The findings in female patient D. J. are particularly interesting in this regard, because 
the cells of her tumor had already shown capability to form blood-borne metastases 
(in the liver and vertebrae) before the shunt was inserted, yet did not form any 
elsewhere even after the cells were directly infused into the systemic veins.”-  
  

Tarin et. al. Cancer Research, 1984  



Provocative Question (PQ) Project: 
Seeding Innovations for the Future 

Nature Jan 26, 2012 • Goal:  
• Challenge the scientific community to creatively think about 

and answer important, but non-obvious or understudied, 
provocative questions (PQs) in cancer research 

 
• Implementation: 

• PQs solicited through website and workshops 
 

• Phase 1: requested R01/R21 applications on 24 final PQs 
(55 awards) 

 
• Phase 2: new set of 24 PQs for R01/R21 apps (93 awards) 

 
• Phase 3: new set of 20 PQs  

 

PQA4: For tumors that arise from a pre-malignant 
field, what properties of cells in this field can be 
used to design strategies to inhibit the 
development of future tumors? 

PQC4: What in vivo imaging 
methods can be developed to 
portray the "cytotype" of a tumor? 

PQD1: What molecular properties 
make some cancers curable with 
conventional chemotherapy? 

PQB1: Why do second, independent cancers occur 
at higher rates in patients who have survived a 
primary cancer than in a cancer-naïve population? 

PQD4: What are the mechanistic bases for 
differences in cancer drug metabolism and 
toxicity at various stages of life? 



Then…(2002) 

Drew Sheneman, The Star-Ledger, Newark, NJ 



Now…(2014): 
Moore’s Law of Analysts? 

~100 

~150 

200+ 

2008 2010 2012 2014 





Genomics/ 
Epigenomics 

Proteomics 

Nanotech 

Physics 

Imaging 

Screening 

Innovative Molecular Analysis Technologies ($10.5M) 

IMAT Program Director 
anthony.dickherber@nih.gov  

98 active projects at the end of 2011 

Due Dates 05/20 and 9/18/14 

Provocative Questions ($30M) 

Due Date 06/20/14 

PQ Program Director 
emily.greenspan@nih.gov  

Data from projectreporter.nih.gov 

Join the Team! 
Upcoming Funding Opportunities 

mailto:Anthony.dickherber@nih.gov
mailto:Anthony.dickherber@nih.gov


Join the Team!  
Upcoming Network Funding Opps 

http://videocast.nih.gov/launch.asp?18159 

*http://grants.nih.gov/grants/guide/notice-files/NOT-CA-14-028.html 

PS-OC Program* 

Sean Hanlon, PhD 
sean.hanlon@nih.gov 

Larry Nagahara, PhD 
larry.nagahara@nih.gov 

Discussion from NCI Board of  
Scientific Advisors (Nov 2013) 

NCI Alliance for Nano Program (Approved 3/2014) 

Piotr Grodzinski, PhD 
piotr.grodzinski@nih.gov 

Stephanie Morris, PhD 
stephanie.morris@nih.gov 

mailto:sean.hanlon@nih.gov
mailto:larry.nagahara@nih.gov
mailto:piotr.grodzinski@nih.gov
mailto:Stephanie.morris@nih.gov
http://nano.cancer.gov/


Relevant CSSI Funding 
Opportunities 

 Research Answers to NCIs Provocative Questions- Group A-E (R01) 
o Due Date: 06/20/2014 RFA-CA-13-016, 018, 020, 022,024 ($2-3M each RFA, $10-$15M total) 

 
 Research Answers to NCIs Provocative Questions- Group A-E (R21) 

o Due Date: 06/20/2014 RFA-CA-13-017, 019, 021, 023, 025 ($0.5-1M each RFA, $2.5M - $5M total) 
 

 Early-Stage Innovative Molecular Analysis Technology Development (R21) 
o Due Date: 05/20/2014 and 09/18/2014  RFA-CA-14-003 ($5M)  

 
 Validation and Advanced Development of Emerging Molecular Analysis Technologies 

(R33) 
o Due Date: 05/20/2014 and 09/18/2014  RFA-CA-14-004 ($4M) 

 
 Early-Stage Development of Innovative Technologies for Biospecimen Science (R21) 

o Due Date: 05/20/2014 and 09/18/2014  RFA-CA-14-005 ($0.8M) 
 

 Validation and Advanced Development of Emerging Technologies for         
Biospecimen Science (R33) 
o Due Date: 05/20/2014 and 09/18/2014  RFA-CA-14-006 ($0.7M) 

 

 



Relevant NCI Funding 
Opportunities 

 Innovative Molecular Analysis Technology Development for Cancer Research and 
Clinical Care (R43/R44) 
o Due Date: 5/28/2014 and 11/4/2014  PAR-13-327 

 
 Early-Stage Development of Informatics Technology (U01) 

o Due Date: 6/18/2014 and 11/18/2014  PAR-12-288 
 

 Advanced Development of Informatics Technology (U24) 
o Due Date: 6/18/2014 and 11/18/2014  PAR-13-294 

 
 Imaging and Biomarkers for Early Cancer Detection (R01) 

o Due Date: 7/10/2014 and 12/11/2014  PAR-13-189 
 

 Image-guided Drug Delivery in Cancer (R01) 
o Due Date: 6/19/2014 and 11/19/14 PAR-13-185 

 
 Biomarkers for Early Detection of Hematopoietic Malignancies (R21/R01) 

o Due Date: 6/16/2014 (R21) & 7/5/2014 (R01) [Standard] PA-12-220 (R21) & PA-12-221 (R01) 
 



Acknowledgements/Thanks to the  
“Secret Ingredients”  

Clinical Sciences 

Physical Sciences 

Life Sciences 



Learn More About Us… 

http://cssi.cancer.gov 

Jerry S.H. Lee, PhD 
jerry.lee@nih.gov  

http://cssi.cancer.gov/
mailto:jerry.lee@nih.gov


NIH Early Career Reviewer Program 
PURPOSE 
•  Train and educate qualified scientists 
•  Help emerging researchers advance their careers by 
    exposing them to review experience  
•  Enrich the existing pool of NIH reviewers 
 

REQUIREMENTS 
•  ≤ 1 mail-in review 
•  Faculty appointment or equivalent 
•  Active independent research program 
•  Recent publications  

Interested in serving  as an NIH reviewer?  
Send your CV to petersonjt@csr.nih.gov 
 
Hope to meet you at the conference. J. Thomas Peterson 

(Chief of Bioengineering Sciences and 
Technologies) 
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